
BROOKHWEN 
NATI 0 , NyA L LAB 0 R A T 0  RY 

BNL-72019-2004-CP 

Luminosity Increases in Gold-Gold Operation in 
RHIC 

W. Fischer, L. Aherns, et a1 

Presenfed af fhe gth European Parficle Accelerator Conference 
Lucerne, Swifzerland 

July 5-9, 2004 

July 2004 

Collider-Accelerator Department 

Brookhaven National Laboratory 
P.O. Box 5000 

Upton, NY 1 1973-5000 
www. bn I .gov 

Managedby 
Brookhaven Science Associates, LLC 

for the United States Department of Energy under 
Contract No. I DE-AC02-98CH10886 

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be made 
before publication, this preprint is made available with the understanding that it will not be  cited or reproduced 
without the permission of the author. 



DISCLAIMER 

This report was prepared as an account of.work,sponsored by an agency of the United States 
Government. Neither the United I States Government nor any agency thereof, nor an 
employees, nor any of their contractofs, subcontractors or- their employees, makes any 
express or implied, or assumes any legal liability? or responsibility for the accuracy, 
completeness, or any third party's use or the results of such %use of any 'information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endor'sement, . 
recommendation, or favoring by the United States Government or any agency thereof or its 
contractors or subcontractors. The views and opinions of authors expressed Berei 
necessarily state or reflect those of the United States Government or any agency thereof 

FOR UNCLASSIFIED, UNLIMITED STI PRODUCTS 

Available electronically at- 

littp ://www .osti . godbridge I . .  

Available for a processing fee to U.S. Department of Energy and its contractors, in paper from- 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 3783 1 

Facsimile: (865) 576-5728 
E-mail: reports@adonis.osti.gov 

(865) 576-8401"* 

National.Technica1 Information Service (NTIS): 

Available for.sale to the public from- 

U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road ' 

Springfield, VA 221 3 1 

Facsimile: (703) 605-6900 
Online ordering: http://www.ntis:gov/ordering.htm 

(800) 553-6847 



BNL-720 19-2004-CP 

Submitted t o  EPAC ‘04, Lucerne, Switzerland, July 5-9, 2004 

LUMINOSITY INCREASES IN GOLD-GOLD OPERATION IN RHIC* 

W. Fischerl, L. Ahrens, M. Bai, D. Barton, J. Beebe-Wang, M. Blaskiewicz, J.M: Brennan, D. Bruno, 
J. Butler, R. Calaga, P. Cameron, R. Connolly, J. Delong, T. D’Ottavio, A. Drees, W. Fu, G. Ganetis, 

W. Glenn, T. Hayes, P. He, H. Huang, H.C. Hseuh, P. Ingrassia,aU. Iriso, R. Lee, Y. Luo, G. Marr, 
W.W. MacKay, A. Marusic, R. Michnoff, C. Montag;J. Morris, T. Nicoletti, B. Oerter, S. Peggs, 
A. Pendzick, C. Pearson, F. Pilat, V. Ptitsyn, T. Roser, J. Sandberg, T. Satogata, C. Schultheiss, 

A. Sidi-Yekhlef, L. Smart, S. Tepikian, R. Tomas, N. Tsoupas, D. Trbojevic, J. Tuozzolo, K. Vetter, 
K. Yip, A. Zaltsman, A. Zhang, S.Y. Zhang, J. van Zeijts, and the RHIC Operations Team 

Brookhaven National Laboratory, Upton, NY 1 1973, USA 

Abstract 
Afteran exploratory phase, during which a number of 

beam parameters were varied, the RHIC experiments now 
demand higher,luminosity to study heavy ion collisions in 
detail. . In gold-gold, operation, RHIC delivers now twice 
the design luminosity. During the last gold-gold operating 
period (Run-4) the machine delivered 15 times more lu- 
minosity than during the previous gold-gold operating pe- 
riod (Run-2), two years ago. We give an overview of the 
changes that increased the instantaneous luminosity and lu- 
minosity lifetime, raised the reliability, and improved the 
operational eiliciency.. 
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Figure 1 : Integrated gold-gold luminosity delivered to the 
4 RHIC experiments during Run-1 Run-2, and Run-4. 

INTRODUCTION LUMINOSITY AND BACKGROUND 
The Relativistic Heavy Ion Collider (RHIC) was com- 

missioned in 1999. Since then it had 3 operating periods 
with gold-gold collisions (Run-1 , Run-2, R ~ n - 4 ) ~  and one 
operating period with deuteron-gold collisions (Run-3). A 
run lasts typically about half a year. Incall past runs RHIC 
also operated with polarized protons for a few weeks [ 11. 

RHIC serves 2 high luminosity experiments (PHENIX, 
STAR), and 2 lower luminosity experiments (BRAHMS, 
PHOBOS). In gold-gold operation, the machine collided 
beams at 4 different energies: 10,31,65, and 100 GeVIu. 
For these collisions, the p-function at the interaction points 
varied from 10 m down to 1 m. 

In its most recent operating period (Run-4) the machine 
ran for physics for 12 weeks at 100 GeVIu with gold-gold 
collision. It took 4 weeks of machine set-up, and lumi- 
nosity ramp-up before the physics run started. This was 
about 1 week less than anticipated. After a set-up time 
of less than 2 days, RHIC also ran gold-gold collisions at 
3 1.4 GeVIu for 9 days, followed by a 6 weeks development 
run for polarized protons. We report on the lupiqosity in- 

Fig! ,1 shows, in comparison, the delivered lurnihosities 
for the 3 gold-gold runs. Tab,.l shows the main parameters 
of these runs along with the design and enhanced design 
parameters. While the design goal for the aterage store 
luminosity was exceeded by a factor 2; another fa 2 
is needed for the enhanced hminosity goal. 
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e creases in gold-gold operation in Run-4. 
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Figure 2: .A week in Februarqr 20042.The upper,part\shows 
the beam intensities. The lower parb depicts the instantat 
neous -luminosities of a high luminosity (PHENIX), and 

The RHIC luminosity in gold-gold operation is limited 
by intra-beam scattering (IBS), vacuum break downs with 
intense beams, and instabilities; it is affected but not lim- 
ited by the beam-beam effect. The total beam-beam in- 
duced tune spread reaches 0.01. 

Increases in the bunch intensity therefore yielded the 
largest gains in the instantaneous luminosity (see Tab. 1). 
After replacement of the Booster injection septum, bunches 
of lo9 or more Au ions could be reliably prepared for 
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Table 1: RHIC performance evolution in gold-gold operation. Shown are the beam parameters that lead to the highest 
luminosities at the PHENIX experiment. RHIC serves 2 high- and 2 lower luminosity experiments. 

maxenergy noof ions/bunch ,B* emittance Cpeak Lstore,ave Lvreek 
[GeV/u] bunches [lo9] [m] [mm mrad] [1026cm-2s-1] [pb-l] 

Run-1 (FY2000) 65 55 0.3 3 15-40 0.3 0.2 4 
Run-2 (FY2001/2002) 100 55 0.5 1 15-40 3.7 1.5 24 
Run4 (FY2004) 100 45 1.1 1 15-40 15 4 160 
Design 100 55 1 .o 2 15-40 9 2 50 
Enhanced design 100 112 1 .o 1 15-40 30 8 300 

RHIC. Abunchpreparation technique was tested that could 
lead to even larger bunch intensities. This technique in- 
volved an additional bunch merge in the Booster [2]. 

Kicuum. The RHIC luminosity is limited by vacuum 
break-down, driven by electron clouds and ion desorp- 
tion [3, 4, 51. Over the last few shut-downs, various up- 
grades to the vacuum system were made. These involved 
carell baking of all bakeable elements, and the installa- 
tion of electron detectors, solenoids, andNEG coated beam 
pipes for test purposes. However, in both rings a newly 
installed element (collimators in Blue, stochastic cooling 
kicker in Yellow) remained unbakeddue to scheduling con- 
flicts. These elements limited the beam intensity. An even 
more severe l i t  for the luminosity came from pressure 
rises seen in PHOBOS at store [6]. All pressure rises were 
alleviated by a reduction in bunch numbers and the use of 
optimized bunch patterns [7]. 

Intrabeanz scattering. Due to IBS particles leave the rf 
buckets and continuous gap cleaning is needed to keep the 
abort gap fkee of particles [8]. This effect dominates the 
beam lifetime (Fig. 2). IBS also leads to increases in the 
transverse emittance during stores. Both these effects lead 
to a luminosity lifetime of only about 2.5 h, and frequent 
refills are needed to achieve a high average luminosity. The 
store length (4 h) was optimized using the luminosity life- 
time, the average refill time (2 h), and additional consider- 
ations from the experiments. 

InstabiIities. The beam is vulnerable to instabilities 
near transition as the bunches become short and the peak 
intensity large. Transition crossing is done with a 7- 
jump [9]. Transverse instabilities are suppressed by oc- 
tupoles [ 101 and a careful setting of the chromaticity. The 
chromaticity along the ramp can be measured using a PLL 
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Figure 3: Weekly time distribution for various activities. 

tune meter and radius modulations; instabilities can ob- 
served with a coherence monitor. Newly installed dedi- 
cated “L,andau”-cavities, running at a harmonic of the rev- 
olution but not bunch frequency, provide additional syn- 
chrotron tune spread [2]. 

Background. To improve the experimental background, 
shielding was installed in PHENIX and BRAHMS, and the 
collimator system upgraded from a one- to a two-stage sys- 
tem. At the beginning of stores, the bunches are trans- 
ferred from the accelerating rf system into the storage rf 
(to shorten.the bunches and increase the longitudinal fo- 
cusing) [2], , beams are steered to maximize the luminos- 
ity [12], and the collimators are set to minimize the back- 
ground [l 11. All these activities were performed automat- 
ically and reliably, thus increasing the useful time in store 
sigmficantly. 

Improvements to the the luminosity lifetime were made 
through the use of low noise rf sources [13], and the non- 
linear correction of the interaction regions magnets [ 141. 

TIME IN STORE 
An increase in the time in store not only leads to a larger 

integrated luminosity, it is also a sign of a more reliable 
and reproducible machine. Fig. 3 shows the weekly time 
distribution for various activities. Every week about 11 h 
are dedicated to beam experiments, and about 8 h to main- 
tenance. 35 h are needed for machine set-up, and 25 h are 
due to failures. Overall, the time in store increased to 53%, 
with steady improvements during the last runs (see Fig. 4). 

Faster down ramps. The time to ramp the magnet from the 
flattop level back to the injection level was reduced from 

A number of efforts saved at least a day per run: 
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Figure 4: Evolution of the time in store for the operating 
modes of the last 3 runs. The time in store is given as a 
percentage of the calendar time ,that includes beam experi- 
ments and maintenance. 



12 min to 5 min. About 300 ramps were made during the 
initial set-upbperiod, the run had 274 physics stores, and 
a considerable number of ramps for development. Further 
improvements to the down ramp speed are possible. 
Correctorpower supp2y replacements. During Run-3 a to- 
tal of 60 corrector power supplies were replaced, during 
Run4 less than half of this number due to implemented 
modifications. The power supplies are replaced at the ear- 
liest possible convenience, typically at the end of a store, in 
order to keep the overall machine configuration stable. A 
power supply replacement takes about 1.5 h. ), 

Ice balls ut current leads. In the past, ice balls formed at 
cold current leads from the humid air in the tunnel. This 
required a weekly maintenance shift to avoid mechanical 
and electrical malfunction of elements near the leads. The 
cold parts of the leads were insulated with a self-adhesive 
plastic foam layer, eliminating the maintenance need. 
Quench link interlocks (QLIs). QLIs can be triggered by 
beam induced quenches, and for a number of other reasons. 
From Run-2 to Run-3 to Run-4 the number of QLIs was re- 
duced from 395(46) to 270(69) to 240(54) where the num- 
bers in brackets denote beam induced quenches. The beam 
induced quenches were primarily caused by ramp losses 
during ,%squeeze, and abort kicker pre-lires. Abort kicker 
pre-lires were almost eliminated [15]. Recovery from a 
QLI lasts 1 h or more. 
Transfer line cooling. Microbes in the cooling system of 
the AGS-to-RHIC transfer line were feeding off corrosion 
products, and clogging the flow switches that monitor the 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 I3 24 

WUkhtOtlJCrUO 

Figure 5: Power supply replacements in Run-3 and Run-4. 
Week 1 through 18 show gold-gold operation, 19 through 
24 polarized proton operation. 

ago (Run-2). Consistently higher bunch intensity from the 
injector, and an upgraded vacuum system lead to a higher 
peak luminosity. A number of measures increased the time 
in store to 53% of the calendar time. At store, bunches 
were reliably transfered from the accelerating into the stor- 
age rfsystem. Automatic steering [12] and collimation set- 
up [l 11 reduced the store time during which some of the 
experiments cannot take data. The machine was set-up for 
operation at a lower energy within less than 2 days. 
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